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Abstract

Background/objectives: Despite the pervasiveness of late effects in childhood cancer
survivors, many parents feel inadequately informed about their child’s risks. We assessed early
parental knowledge of risks of late effects and predictors of increased knowledge.

Design/methods: Parents of children receiving cancer treatment at Dana-Farber/Boston
Children’s Cancer and Blood Disorders Center were surveyed about their knowledge of their
child’s likelihood of eight late effects. Individual risk for each late effect (yes/no) was assessed
using the Children’s Oncology Group’s Long-Term Follow-Up Guidelines v5 as a reference.
Descriptive statistics were used to summarize knowledge scores; ordinal logistic regression was
used to identify predictors of higher knowledge.

Results: Of 96 parent participants, 11 (11.46%) correctly identified all of their child’s risks

for the eight late effects. Five of eight was the median number of correctly identified late effect
risks. Among 21 parents whose children were at risk for ototoxicity, 95% correctly identified this
risk. Conversely, parents of at-risk children were less knowledgeable about risks of secondary
malignancy (63% correct identification, of /=94 at risk), cardiac toxicity (61%; N =71),
neurocognitive impairment (56%; N = 63), and infertility (28%; N/ = 61). Ordinal logistic
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regression analysis identified no significant differences in parental knowledge of late effect risks
by any factors evaluated.

Conclusions: Gaps in parental knowledge of potential late effects of childhood cancer treatment
emerge early in a child’s care, and parents are more knowledgeable about some late effects,

such as ototoxicity, than others, such as infertility. As no child- or parent-specific factors were
associated with increased knowledge of late effect risks, interventions must be applied broadly.
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1| INTRODUCTION

Pediatric cancer survival rates in the United States have improved significantly since the
1970s, resulting in a growing number of childhood cancer survivors.! Unfortunately, the
therapeutic advances that contributed to this improvement in survival are associated with
long-term health problems. The vast majority of childhood cancer survivors experience
at least one chronic medical condition, or late effect, as a result of their cancer or its
treatment.2~4 Long-term follow-up studies have established clear links between specific
cancer treatments and particular late effects, such as anthracyclines and cardiac toxicity.>
Awareness of these causal relationships has helped identify those at greatest risk of late
effects, allowing for more tailored survivorship screening and preventive care.

However, communicating late effect risks with patients and families has proved challenging.
Prior efforts to evaluate and enhance knowledge of late effects have largely focused on
communication during survivorship, when many late effects occur. Yet childhood cancer
survivors consistently underestimate their risks of late effects, and many survivors do

not attend survivorship clinics where they can receive risk-based information, screening,
and care.5-14 Importantly, parents rather than patients themselves, typically serve as their
children’s treatment decision-makers and caretakers, and often as the repositories of
information about their children’s diagnoses and treatment. Theoretically, increased parental
knowledge of late effects may result in greater survivor knowledge, and thereby improve
survivors’ engagement in risk-based screening. Additionally, parents express a desire for
late effects information starting at diagnosis, in part as it informs their treatment decision-
making.1® Yet parents also report feeling suboptimally prepared for long-term effects of
treatment, starting during therapy and extending into survivorship.18 Parental knowledge of
late effect risks is not well described, even though it may play a crucial role in survivors’ late
effects knowledge and engagement in risk-based screening and care in survivorship.

In this study, we evaluated parental understanding of their children’s risks for late effects
early in treatment as well as predictors of greater knowledge. We assessed overall
knowledge of risks of late effects to determine parents’ understanding of their child’s
overall risk profile. We also sought to understand parent knowledge of specific common
late effects—infertility, neurocognitive impairment, cardiac toxicity, second malignancy,
ototoxicity, pulmonary toxicity, osteonecrosis, and renal toxicity. We hypothesized that
similar to survivors of childhood cancer, parents of children who are actively undergoing

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 July 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Carpenter et al.

Page 3

cancer therapy would underestimate their child’s overall risks of late effects but that this
knowledge may vary by specific late effect.

2| METHODS
2.1| Study participants

Participants were parents of children with cancer who participated in a larger survey-based
study investigating parent decision-making preferences and late effects awareness at Dana-
Farber/Boston Children’s Cancer and Blood Disorders Center between November 2016 and
June 2018.17 Parents were eligible to participate if they spoke and read English and if

their child was within a year of diagnosis, undergoing initial cancer-directed treatment, and
<18 years old. Permission to approach each family was obtained from the child’s primary
oncologist, and parents whose child was considered to have no realistic chance of cure were
excluded in this study of long-term outcomes. Parents were approached in person at clinic
visits or during hospital admissions, and one parent per child was invited to complete the
survey on a computer tablet; $20 gift cards were provided as a thank you for participation.
All parents who participated in this study had received and signed an informed consent
document, which listed potential acute and long-term effects of their child’s chemotherapy
per our institutional standard.

The institutional review board of the Dana-Farber Cancer Institute approved this study. A
waiver of documentation of informed consent was obtained.

2.2 | Survey instrument

Parents completed a survey that included previously utilized items or adapted items drawn
from established questionnaires.17-23 Limited novel items were developed after literature
review, employing general principles of survey design.2* The survey was pilot tested with
12 parents in the same setting as data collection to assess face and content validity and took
approximately 15-20 minutes to complete.

The parent’s perception of their child’s risk of late effects was assessed using a modified
checklist item,1 which asked parents to select from a comprehensive list, all late effects
they believed their child was at risk of experiencing. Terms and descriptions for late effects
were drawn from the Children’s Oncology Group’s Long-Term Follow-Up Guidelines (COG
LTFU) parent information website and targeted toward an eighth-grade reading level.

The survey also assessed potential explanatory factors, which we hypothesized may be
associated with parental knowledge such as the patient’s clinical characteristics, parent
perceived prognosis,?! parent-reported experiences with late effects communication (receipt
of late effects information, feelings of preparedness, worry, and distress),17+23 dispositional
optimism (using the Life Orientation Test - revised?®), and parent/child demographic
information. Child attributes and household income were obtained on medical record review.
Additional details of survey items, development, and pilot testing have been previously
described elsewhere.23
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2.3 | Treatment data

Chart abstractions were conducted to collect comprehensive clinical information for each
patient. Information regarding all planned treatment exposures at the time of survey
completion was collected, including chemotherapy, radiation, surgery, and hematopoietic
stem cell transplant (HSCT). Total planned doses of relevant chemotherapy, sites of
radiation, and types of surgery were abstracted. The primary data source for treatment
exposures was chemotherapy consent forms that had been signed prior to taking the survey.
For surgery, radiation, and HSCT modalities, provider notes were used as a secondary data
source to determine what had been communicated as an expected part of the treatment plan
at the time of survey completion. Two research assistants (RAs) performed the abstractions,
and training sets were completed to establish acceptable interrater reliability of three
consecutive charts (97%; 326 fields in agreement/336 total fields) prior to data extraction.

A child was determined to be at risk (yes/no) for eight late effects (infertility,

neurocognitive impairment, cardiac toxicity, second malignancy, ototoxicity, pulmonary
toxicity, osteonecrosis, renal toxicity) by survivorship experts based on planned treatment
exposures (chemotherapy, radiation, surgery) and using COG LTFU v5 as a reference. These
late effects were selected as they are impactful, common across pediatric malignancies, and
have well-characterized risks based on exposure.

2.4| Study outcomes

Parental knowledge of risks of late effects was assessed by comparing parents’ perceived
risk for late effects against the late effect risk profile determined by treatment data. Parents
were considered knowledgeable about a given late effect if they correctly identified their
child as being either at risk or not at risk for the specified late effect. Caregivers were
considered knowledgeable for a late effect if (a) their child was at risk for a specific late
effect and they correctly recognized this risk, or (b) their child was not at risk and they did
not consider their child at risk. Conversely, a parent was considered not knowledgeable if (a)
they did not recognize a late effect that their child was at risk of experiencing, or (b) if they
indicated their child was at risk for a late effect when, in fact, the child was not at risk. For
the primary outcome, overall parental knowledge, one point was assigned for each correctly
identified late effect risk, and an overall knowledge score was calculated by tabulating the
percentage of the eight late effects about which the parent was knowledgeable, with possible
scores ranging from 0% (zero of eight late effect risks correctly identified) to 100% (eight of
eight late effect risks correctly identified). We also assessed parental knowledge of risks for
each of the eight specific late effects individually.

2.5| Data analysis

Descriptive statistics were used to summarize knowledge scores by patient and parent
characteristics. Ordinal logistic regression was used to identify predictors of greater
knowledge; parents were categorized into three groups based on number of late effect
risks correctly identified, low (0-4), moderate (5-6), and high (7-8) knowledge. These
categorizations were deemed to be meaningful clinical cutoffs per literature review and
expert opinion.” This classification was utilized to account for both over- and under-
estimation of late effect risk, and given the potential clinical impact of these specific late
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effects, knowledge or lack thereof of even two of eight of these late effects was felt to be
clinically meaningful. Explanatory factors were dichotomized consistent with prior work,
with prespecified cutoffs as shown in the tables and text.18 For each of the eight specific late
effects assessed, Fisher’s exact test was used to evaluate the association between parental
perceived risk of experiencing the late effect and accuracy of knowledge. Two-sided nominal
p-values were reported. Tests with a false discovery rate (FDR) <5% were considered
statistically significant after multiple testing adjustment using the Benjamini-Hochberg
method.28 Descriptive and comparative analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA).

3| RESULTS

Out of 117 eligible parents who were approached, 96 completed the survey (82% response
rate). Participating parents were predominantly female (74.0%), White (85.1%), and highly
educated (76.05% with a college degree or higher) (Table 1).

The mean overall knowledge score was 68.1% (SD = 18.8%) and the median was five of
eight late effects correct. Eleven percent (11/96) of parents correctly identified their child’s
risk for all eight late effects; no parents scored 0/8 or 1/8 (Figure 1).

Univariate logistic regression was used to explore factors associated with greater overall
parental knowledge of late effects. There was no statistically significant relationship between
knowledge and understanding of prognosis, late effects communication or information
preferences, or any other child or parent factors assessed (Table 2). Although child’s sex
approached significance, this trend was not significant after adjusting for multiple testing.

Parents were more knowledgeable about some individual late effect risks than others

(Table 3). Ninety-two percent (88/96) of parents correctly identified their child’s risks of
ototoxicity. In contrast, parents were less knowledgeable about risk of secondary malignancy
(63.5% correctly identified their child’s risk), cardiac toxicity (66.7% correct overall),
neurocognitive impairment (63.5% correct overall), and infertility (38.5% correct overall).
Some parents whose children were not at risk for specific late effects misunderstood their
child to be at risk. This percentage was highest for infertility (42.9% [15/35] of those not at
risk) and renal toxicity (38.9% [21/54] of those not at risk). Parents of children who were

at risk for certain late effects, namely, pulmonary toxicity, osteonecrosis, or infertility, were
significantly less likely to understand their child’s risk as compared to those parents whose
children were not at risk for these late effects (p=.0003, .011, and .0084, respectively).
There was no significant difference in knowledge by risk for secondary malignancy, cardiac
toxicity, neurocognitive impairment, renal toxicity, or ototoxicity.

4| DISCUSSION

A majority of childhood cancer survivors experience late effects secondary to cancer
treatment, yet survivors often underestimate their personal risks of experiencing late effects.
As parents play a critical role in childhood cancer care from diagnosis through survivorship,
and as parents express a desire for early information about their children’s risks of late
effects, we evaluated parental knowledge of risks of late effects during initial cancer
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treatment. This study found that many parents of children actively undergoing cancer
therapy have an incomplete understanding of their children’s risks of late effects. Parents in
our study correctly recognized approximately two thirds of their children’s potential risks of
late effects. Parents were more knowledgeable about some late effects, such as ototoxicity,
than others, such as renal toxicity, pulmonary dysfunction, and infertility. No child or parent
factors were associated with increased overall knowledge of late effect risks.

Our findings of limited early parental understanding of late effect risks are consistent with
prior studies, which demonstrated suboptimal knowledge of late effect risks in survivors of
childhood cancer.”27 The cause of this underestimation of late effects among both parents of
children undergoing treatment and survivors of childhood cancer is likely multifactorial and
starts at diagnosis. Many topics must be covered in initial treatment conversations, including
information about the diagnosis, prognosis, and anticipated acute effects of treatment. Given
these competing needs, particularly at the emotionally overwhelming time of a new pediatric
cancer diagnosis, the risks of late effects associated with treatment recommendations are
often underemphasized.28 Long-term effects are not always discussed during treatment
unless there is a need for screening studies, such as echocardiograms, or concerns about
treatment side effects arise. This natural tendency to minimize conversations about late
effects likely contributes to both parental and survivor knowledge gaps, but it also provides a
window of opportunity to improve late effects communication.

Parents were significantly more knowledgeable about some late effect risks than others.
Nearly all parents whose children were at risk of ototoxicity correctly identified their child’s
risk. This may be because audiology screening begins early in treatment or because parents
readily recognize a problem when their child begins to turn up the volume on devices

or becomes less responsive to their parent’s voice. Conversely, there are some long-term
effects, such as infertility, which are less visible, or which may not become a problem until
years after treatment completion. Unfortunately, a greater number of children are at risk

of experiencing some of these less noticeable or delayed late effects such as secondary
malignancy, cardiac toxicity, and osteonecrosis, yet parents were less aware of these risks.
Similar to childhood cancer survivors,8 parents were least aware of the risk of infertility,
revealing a knowledge gap in this area and an important target for future interventions.

In addition, a subset of parents whose children’s treatment did not pose a risk for

certain late effects, incorrectly believed their child was at risk for experiencing them. This
overestimation of risk was greatest for infertility and renal toxicity. Lack of knowledge in
this direction may cause unnecessary anxiety, oversurveillance, and in the case of infertility,
could increase risk of unintended pregnancy. Of note, we assessed risk of experiencing late
effects as a binary at risk/not at risk. However, the likelihood of experiencing individual late
effects may play a role in parental knowledge. For example, while many treatments carry

a potential risk of second malignancies, the likelihood of experiencing a second malignant
neoplasm is low. Conversely, the likelihood of experiencing ototoxicity when exposed to
ototoxic chemotherapies is often considerably higher.

Despite the significant challenges in communicating late effect risks, parents want
information about this topic starting at the time of diagnosis.® The current study suggests
typical information provision practices are inadequate at conveying what life may look
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like after cancer treatment is over. Improved early parental awareness of late effect risks
has several important clinical implications. First, accurate parental knowledge of late effect
risks can ensure parents have the information they desire and support them in feeling fully
informed to make treatment decisions.1” Second, as much treatment communication and
many care responsibilities fall on parents, particularly parents of young children, improved
parental awareness of potential late effects may translate into increased survivor knowledge.
Lastly, parents with a more complete understanding of late effect risks may help ensure
that their children engage in risk-based screening and survivorship care. This is particularly
important as survivors have been shown to have suboptimal rates of recommended late
effect screening tests and attendance in survivorship clinics.2%-31 Formal survivorship care
can help reinforce knowledge of diagnosis/late effects, improve rates of recommended

screenings, provide emotional support, and offer necessary counseling on risky behaviors.11-
13

Given the challenges in discussing late effects information, tools to enhance communication
of risks of late effects are needed, starting at diagnosis and extending through treatment

and into survivorship. To date, most interventions to improve knowledge of late effects
have targeted survivors. A key innovation has been survivorship care plans (SCPs):
comprehensive yet simple summaries of diagnosis, treatment, and late effects given to
survivors of childhood cancer with the goal of empowering them to take ownership of

their care.32 However, these care plans are usually completed at the end of therapy, which
may be too late to address the early parental desire for information and the knowledge

gaps observed in this study. Adapting some of the information provided in SCPs to

create a longitudinal intervention to support awareness about risks of late effects from

the time of diagnosis may facilitate early conversations about late effect risks and assist
parents in digesting and interpreting information. In the hopes of informing future late
effects communication interventions, we aimed to identify child or parent factors that

were associated with increased knowledge of late effects. However, none of the factors
investigated including parent education, household income, worry about late effects, receipt
of late effects information, or child’s cancer diagnosis were significant. This may be due,

in part, to a lack of power after adjusting for multiple testing; however, it also suggests that
nearly all parents are at risk for knowledge gaps and thus interventions must be applied
broadly. Current mixed methods research is being performed to determine the ideal timing,
content, and delivery of this information.

Our study should be interpreted in the context of limitations. First, our patient and parental
sample had limited racial/ethnic, socioeconomic, and educational diversity, and this was a
single-site study, both of which may impact the generalizability of our results. However,
the rates of late effect risk knowledge are similar to those found in survivors at different
institutions so we hypothesize that our findings and communication practices are not specific
to our institution. These findings should be further investigated in multisite studies with
more diverse participants. Furthermore, we chose a select number of late effects based on
their prevalence and importance to families and clinicians, and those about which there
are clear data on exposure-based risks, but we were unable to investigate all known late
effects. We surveyed parents of children with a variety of malignancies, each with distinct
risks of late effects, and we evaluated risk as binary (at risk or not at risk), but risk
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is far more nuanced. Future work should evaluate how degree of risk impacts parental
knowledge and assess parental understanding of late effects in specific malignancies with
standardized treatment approaches. Additionally, while we derived late effect risks from
treatment information, we do not know what exactly was communicated to parents, nor do
we know if all caregivers participated equally in all conversations. Changes to treatment

that do not result in a new consent form (such as dose modifications) may not have been
captured, given our use of chemotherapy consent forms as the primary data collection
source. However, these small changes to treatment are unlikely to significantly impact binary
risk (yes/no) for the late effects investigated. Finally, our relatively small sample size limited
our ability to conduct subgroup analyses.

5| CONCLUSIONS

Parents of children with cancer play an integral role in both treatment and posttreatment
decision-making and care, yet our findings suggest they often have an incomplete
understanding of their children’s risks for late effects. Research regarding optimal strategies
for early communication of late effects information is essential to empower both parents and
children throughout all phases of cancer care.
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FIGURE 1.
Overall parental knowledge scores
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Characteristics of participating parents and patients (V= 96)

Parent age (years)
<39

Sex
Female
Male
Race
White
Black or African American
Asian American or Pacific Islander
Native American or other
Ethnicity
Non-Hispanic
Hispanic
Language spoken at home
English
Non-English
Household income
Low income (<$50,000)
High income (>$50,000)
Education
Less than college graduate
College graduate
Graduate or professional school
Days from diagnosis to survey, median (range)
Child sex
Female
Male
Age at diagnosis
0-2
3-6
7-12
13-18
Cancer diagnosis
Hematologic malignancy
Extracranial solid tumor

Brain tumor

Treatment received 2

Chemotherapy

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 July 29.

TABLE 1

N (%)

53 (55.2%)
43 (44.8%)

71 (74.0%)
25 (26.0%)

80/94 (85.1%)
3/94 (3.2%)
8/94 (8.5%)
3/94 (3.2%)

86/95 (90.5%)
9/95 (9.5%)

91 (94.8%)
5 (5.2%)

17/86 (19.8%)
69/86 (80.2%)

23 (14.6%)
45 (46.9%)
28 (29.2%)
139 (29,365)

53 (55.2%)
43 (44.8%)

17 (17.7%)
37 (38.5%)
23 (24.0%)
19 (19.8%)

53 (55.2%)

32 (33.3%)
11 (11.5%)

95 (99.0%)

Page 12
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N (%)
Radiation 20 (20.8%)
Surgery 37 (38.5%)
Hematopoietic stem cell transplant 7 (7.3%)

a . .
Categories are not mutually exclusive.
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